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Scientist have been working recently towards a more
environmentally friendly, cost-effective, and sustainable
approaches to address environmental pollution (Bilal, et
al., 2020). This has encouraged a growing attention of
adapting a sorption technique using low-cost agricultural
materials and waste to remove dangerous chemical
pollutants from polluted and contaminated water systems
(Leong, K. O. K., 2018), including metal polluted waters.
Small-scale gold mining has been one of the main causes
of relatively high metal pollution of many water systems in
Ghana (Duncan, et al., 2018).
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•

To evaluate the capacity of agricultural waste for
removing heavy metal from mine water.

•

To determine which biosorbants are most effective for
different metals.
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METHODS
The study was conducted on a bench-top laboratory scale (Fig.
2) following a batch sorption experiment by mixing different
masses of agricultural waste with synthetic mine-water to
remove pollutants-metals, considering sorbent mass,
concentrations, and pH as the optimized sorption parameters:
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Fig. 1: a different agricultural wastes turned into powder
(size < 1mm), b. water pollution (River Ofin, Ghana) as a
result of small-scale gold mining, c plantain peel, and d
bamboo stems.
Table 1 Heavy metals, limits and effects on humans
Heavy
Metals

Permissible
Level by
USEPA/WHO

Lead

Copper Cadmium

Initial Conc.
(mg/L)

1.33

1.03

20.42

7.48

0.33

Fig. 3 Percent metals removed at pH 7 at 25
a, b, c,
and d, respectively, show mass percent of Cd, Cu, Pb, Zn,
and Hg in mine-water sorbed by dry masses of sheep dung,
coco coir, banana peel, and goat dung. Sheep dung shows
relatively the highest removal capacity amongst the
biosorbants.
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• Mixture was shaken at 150 rpm for 24 hours and allowed to
equilibrate for 3 days.
• Solution was filtered and analyzed for final metals
concentrations using an Elmer Opima 4300DV ICP-OES

0.015/0.01 mg/L

CONCLUSION
The study showed a relatively high adsorption
capacity, over 70% removal rate, of sheep dung, coco
coir, banana peel, and goat dung for all the metals
except copper.

Agricultural Waste Diversion for Mine Water
Treatment

Potential Health Effect of Metals Existing in Higher
Concentration

Mercury (Hg) 0.002 /0001 mg/L Lung and eye irritation, Rashes, vomiting, Down’s
syndrome, miscarriage, sperm damage in men,
neurological disorders, etc.
Lead (Pb)
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Fig. 5 a and b Surface morphology of coco coir powder
before and after removing metals. c and d displays the
elemental composition in the biosorbants.
0C.

Metals in Mine- Mercury Zinc
Water

After
Sorption

Before
Sorption
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• Trial 1: dry masses, 0.1, 0.5, 1, and 2 g of agricultural waste
were weighed and added to 35 mL mine-water of different
metal concentrations (Table 2) in a 50 mL centrifuge tube.
Table 2 Concentrations of metals in mine-water
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Fig. 6 Summary of the Study

Brain and central nervous system development altered,
and reduce intelligence, hypertension, miscarriage,
stillbirth, kidney disease, etc.
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Wilson’s disease, diarrhea, anxiety, dizziness, vomiting,
irritation caused in the mouth cavity, death, etc.

Copper (Cu)

1.0 / 1.3 mg/L

Zinc (Zn)

5.0 mg/L No Data Anemia, stomach cramp, Nausea and vomiting, fatigue,
pancreatic complication, copper deficiency, etc.

Cadmium
(Cd)

0.005/0.003 mg/L Kidney disease, infertility, bone fracture, osteoporosis,
cancer, osteoporosis, immune system deficiency,
central nervous system etc.

Source: Briffa, et al (2020). Threshold concentrations of target metals
according to WHO and USEPA guidelines for drinking water, and their
potential effect on human when the limits are exceeded.
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Fig. 4 the concentration levels of metals before and after
treatment with biosorbants at pH 7 at 25 0C. a, b, c, and d,
indicate the concentration of Hg, Pb, Cu, and Cd,
respectively.
Fig. 2 Visual representation of benchtop-scale laboratory experimental
procedures.
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